The United Nations (UN) has organized various meetings since 1987 and proposed the land management and land administration models as a component of sustainable development to protect natural and environmental resources and improve the quality of life in the world [1] [2] . In this context, cadaster has new and important responsibilities and evolves to land administration defined as an implementation tool of land management policies [3] . As part of a sustainable development paradigm, urban growth is required to be kept under control according to the understanding of land management. In other words, land management requires estimating how the land cover will change [3] Pol. J. Environ. Stud. Vol. 28, No. 3 (2019), 1063-1069 
and in which direction the urbanization will be in the coming years, as well as knowing the current structures of the cities for using natural and environmental resources productively [4] . Moreover, cadaster will provide basic data for monitoring urban growth [5, 6] .
Due to the dynamic and complex structure of cities, the system approach and complexity theory have been used in planning for modeling urban growth since the mid-20th century. Creating UGSMs can now be easily made thanks to developments in computer technology. Therefore, a number of simulation models have been generated to predict, analyze, and monitor urbanization [4, [6] [7] [8] [9] [10] [11] [12] [13] [14] . The well-known model among them is CA and it is frequently used to follow the changes caused by urban growth on land cover. CA, which has five basic elements including space, state, neighborhood, transition rules, and time, is an operating system that allows us to divide a state into cells and to predict the future state of each cell according to the state of neighboring cells [4] .
Although several institutions have been created by CA-based simulation models in the world, the most popular one is the SLEUTH urban growth model, of which initial study was applied in San Francisco, generated by Keith Clarke from the University of California Santa Barbara Geography Department [15] . The successful findings of the study have caused the implementation of various projects utilizing SLEUTH worldwide [4, [9] [10] [16] [17] [18] . As input data, at least four periods of urban areas and two periods of transportation, two-period land cover, one-period slope, excluded area, and hillshade data are required to model a simulation of urban growth while running the software in three phases [15] .
The first phase is called Test while creating the simulation model. In this step, whether the data are prepared in the format desired by the software is checked for the calculations of the data to be used in the system. The data set can be used in the calibration phase if they have been produced in the essential standards of software, such as same projection, same resolution, required naming format, 8-bit grayscale images, and same map extent [15] .
After testing the data set, the calibration phase is carried out in three steps, and it is aimed to calculate the most suitable growth coefficient values for the estimation phase. The best fit coefficient values are determined using the brute force calibration (BFC) method according to 13 criteria [19] [20] . Although there is not yet a consensus on which of these criteria will be used to determine the coefficient, it is recommended to determine the coefficients by the optimum SLEUTH metric (OSM) method from recent studies in the literature [21] .
The OSM method was developed by Dietzel and Clarke (2007) , in which coefficients are determined using compare, pop, edges, clusters, slope, x-mean, and y-mean criteria, from the criteria calculated after each calibration [21] . According to the OSM method, it is passed to the prediction phase, where the UGSM will be produced for the future after calculating the coefficients, and UGSM is created for the year for which the estimation will be made.
The main data of UGSMs are multitemporal land cover layers and are generally obtained from satellite imagery [4, [22] [23] [24] [25] . Data such as land cover, slope, transportation, plan decisions and constraints, administrative borders, lithology and structural features, and socio-economic data, etc., are generally used in CA-based studies in which urban growth is monitored. Pixel sizes vary according to the purpose of the project between 10 m and 500 m [19] . The main data of UGSM land cover were generally obtained from satellite imagery or land use/land cover (LULC) databases [4, [22] [23] [24] , whereas cadastral data are frequently used in the analysis of the accuracy of land cover data generated from satellite images [25] . However, in this study, LULC were generated from land title deeds and parcels in the Turkish cadastral registration system to generate land cover classes precisely. For this reason, the study is one of the rare studies in which LULC is produced from cadastral data.
In this study, four land cover data classes including settlement area, forest areas, agricultural area, and open spaces were extracted from cadastral maps in four different periods (1961, 1992, 2001 , and 2014). Other multitemporal layers such as transportation, building, administrative borders, and slope were derived by using various other data sources.
Three different simulation models for the years 2030, 2050, and 2070 were created by processing the obtained data in a database, and short, medium, and long-term changes in land cover were determined using SLUETH. According to the results, the direction of urbanization in the study area is from west to east. In particular, the open spaces, agricultural areas, and forests in the neighborhoods located in the east of the district are expected to be transformed into settlement areas from the short term and to increase gradually until 2070.
Material and Methods

Study Area
Sancaktepe District was established in 2008. It neighbors Sultanbeyli, Cekmeköy, Kartal, Maltepe, Pendik, Atasehir, and Umraniye districts, and has 19 neighborhoods ( Fig. 1 ). Its area is approximately 62 km 2 and it is near a drinking water basin in metropolitan İstanbul. Its population increased from 229,093 to 354,882 during the seven years from its establishment until 2015, with 55% increased ratios [26] .
Significant natural and environmental areas have been under threat of urbanization due to the land cover that changed as a result of rapid urbanization experienced in the district, a large part of which has been included within Omerli Watershed Protection Zone by the Istanbul Water and Sewerage Administration (IWSA). Rapid population growth and migration over the past years have brought along squatting, illegal housing, and uncontrolled urbanization and led to changes in the land cover, and this situation has played an important role in the diversification of the property pattern. The geographical location, increasing population density, and transportation projects of Sancaktepe are important factors for the investigation of land cover changes.
Model Background
The cadastral maps obtained from Land Registry and Cadaster II nd Regional Directorate and the zoning plans from Sancaktepe Municipality need to be transferred to the urban growth database for preparation of the settlement area, building stock, land cover, and accessibility data used in the study. Therefore, the cadastral data, zoning plans and the data of the years during which zoning movements were intense in the region were first analyzed. Four different time zones appear when cadastral map production and the intensity of zoning activities are taken into account. The studies of the institution cadaster were initiated in 1956 in the project area, and a total of 33 cadastral maps were produced at different scales until 1962. 56 cadastral maps between 1988-1992 and a total of 82 cadastral maps between 1997-2002 were produced, and zoning mobility was also most intense in the region in this period. The range between 2008 and 2014 constitutes the fourth period for Sancaktepe. In the last period, more than 30 cadastral maps were produced, and the first zoning plan in which Sancaktepe was handled as a whole was made.
Accordingly, the periods of the study were determined as 1961, 1992, 2001 , and 2014. Thus, important events in the name of urban growth in the The first step of the study is the archival study carried out at Land Registry and Cadaster II nd Regional Directorate to reveal the property pattern of Sancaktepe. In these studies, parcel-based settlement area, land cover data, and transportation data (data for 2006 and 2013 were obtained from IMM) were produced for 1961, 1992, 2001 , and 2014. In this way, the cadastral data of the past years that are not regularly recorded in the Turkish cadastral system have been recorded in the Urban Growth Database. The second phase, data collection and processing, was initiated after having completed archival studies. The suitability, zoning, accessibility, land cover, and socioeconomic data, which are the basic data needed by the UGSM, were produced in this phase.
The group classified as suitability data have spatial information about whether the land cover function will be suitable for the settlement area in the future. The parcel-based settlement area data for 1961, 1992, 2001 , and 2014 produced from cadastral maps, and the slope data produced from DEM, obtained from GCM, and having 10 m spatial resolution were used as suitability data in the study. Due to the Turkish Cadastral System, in the first period, gaps arose in the study area. These gaps were removed by land cover data produced by classifying the Landsat satellite image of 1972. Four land-cover classes produced from cadastral datasettlement area, agricultural areas, forests, and open spaces -were included in the study.
Building data produced from cadastral maps and obtained from IMM were overlapped with parcel data, and the weight of the parcels on which there were buildings and the weight of non-parcel data were set as 100 and 75, respectively, and they were included in fourperiod settlement area data.
The slope criterion can be adjusted while establishing the simulation model, and this value is defined as 21% in software. However, it was determined that urbanization activities took place even in places with a slope of over 40% in the region. In particular, it was determined that urbanization occurred in places where the slope was greater than 40% in the region, including Mevlana, Safa, and Yunus Emre neighborhoods (Fig. 3) . Therefore, the slope criterion was set as 80% in the model.
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historical process were considered, and simulation models were also prepared for the future according to the current data.
The obtained data were stored in a database management system to perform the storage, organization, analysis, and presentation of the data to be used in creating the simulation model in an easy way. The Parcel class in which settlement area and land cover data would be produced, the Road class in which accessibility data would be prepared, and the Building class in which building stock data would be stored were created within the data sets.
Data Processing and Creating the Simulation Model
The procedure steps followed in the study are shown in Fig. 2 and were initiated by the archival studies carried out at Umraniye Cadaster Department. More than 70.000 parcel data from different years which were obtained after the archival study were organized in the GIS environment, and input data were prepared to create UGSM. After UGSM had been created, change detection analysis was performed, the direction and effects of urban growth were examined, and the results obtained were studied. In the 1:100.000-scaled environment plan (EP) prepared for Istanbul, a very small region within the boundaries of the district carries a geological risk, and this is a region that has already completed its urbanization. Therefore, the geological structure was not taken into account in the model created.
The zoning data group includes data that are designed in plans, direct urban growth, and impose some restrictions. It includes restrictions such as areas suggested for housing, proposed agricultural areas, superstructure facilities such as bridges, suggested roads, etc., functions, and protection areas. However, as seen in Fig. 4 , urbanization activities are available even in places with a slope of over 40% when the slope data included in the model is examined within the scope of the suitability data. Therefore, no zoning data that would impose a restriction to the model was used by considering the urbanization of Istanbul.
Highways, railways, and other transportation data are included in the transportation/accessibility data class. The accessibility data for the first, second, and third periods were produced by digitizing the cadastral maps of the relevant periods. However, it was determined that the roads opened were not processed in the maps because some cadastral maps were out of date in the second period, and the transportation data of the second period were produced using the satellite images and aerial photographs of the relevant period in the IMM City Guide. Transportation data for 2006 and 2013 were obtained from the IMM and the road data of the fourth and fifth periods were organized respectively. Five-period accessibility road data are weighted as 100 for motorways, 75 for main streets, 50 for streets, and 25 for village roads.
Three separate datasets with 10 x 10 m, 20 x 20 m, and 40 x 40 m pixel sizes were created in simulation models using CA-based SLEUTH software. In these data sets, the slope, land cover, areas out of urbanization, settlement area, transportation, and hillshade data were created according to the standards of the software [18, 20] . Three UGSMs were created for the years 2030, 2050, and 2070 by making the necessary changes in the scenario files. The summary of the calibration results of the calculations made during the calibration phase is presented in Table 1 .
Results
To find out land cover change in the short, middle, and long runs, UGSMs were generated for the years 2030, 2050, and 2070. After creating UGSM using SLEUTH, change detection analysis was made for determining the effects and direction of urbanization. According to results, the main part of forests, agricultural areas, and open spaces will be transformed into settlement areas especially located on the eastern side of the district, in a short run. After calculating best fit values of growth coefficients for land cover by OSM methods, three different UGSMs for Sancaktepe were created for the years 2030, 2050, and 2070, and the change detection analyses were performed between 1961-2014, 2014-2030, 2014-2050, and 2014-2070 . According to the results in Table 2 , the ratio of settlement area that was 0.1% in 1961 increased to 10.9% in 2014.
In addition, there is a decrease of about 10.1% in agricultural areas and 2% in forests within the study area. UGSM results show that the change is expected to continue in the short, medium, and long terms ( Table 3 ).
The simulation model created using SLEUTH software based on CA includes the land cover prediction of 2070. According to the simulation result, almost all agricultural lands and open spaces are expected to be transformed into built-up areas in Sancaktepe. When transportation projects designed in our day and the urban spread structure of Istanbul are taken into account, areas located in Sancaktepe District that are not yet built-up (such as Pasakoy and its surroundings) are thought to be under intense urbanization pressure. For instance, urbanization far beyond the estimations was experienced in a short span of time of 10 years in Yenidogan region between 1990 and 2000, and a single parcel of 441 ha was urbanized by being divided into over 6.450 parcels. This rapid urbanization in Yenidogan was not seen in Pasakoy region, and its proximity to the watershed and forest areas has ensured the protection of this area and has maintained its rural character until today. Therefore, Pasakoy and the surrounding lands are one of the most important areas in the district because of its unique structure mentioned. The fact that the 3 rd Bridge's road routes pass through there gives rise to the thought that a rapid urbanization process can be initiated as in Yenidogan. The land cover predictions were produced for the years 2050 and 2070 and it is envisaged that there will be intensive construction in this region (Fig. 4) .
Conclusions
The simulation models exhibit an estimate consistent with development trends, and urban housing appears above the expectations for 2070. It is understood from this simulation that the 3 rd Bridge's road routes passing through Sancaktepe District will directly affect urban development if necessary precautions are not taken.
According to the growth coefficients that were calculated as a result of calibration, the growth characteristic in Sancaktepe District breeds in different places and continues by spreading. It is interpreted that the topographic structure of the district has scarcely any effect on urbanization due to the low slope coefficient. Besides, the fact that urbanization is seen even in places where the slope is greater than 40% in Safa, Mevlana, and Yunus Emre neighborhoods (Fig. 4) supports the interpretation made.
It is expected that 83.0% of the agricultural areas and 88.2% of the forests will be transformed into the settlement areas within a period of more than 100 years.
In interviews with local people during field studies in 2015, it was verbally reported to us that the forested lands around Omerli Dam attracted the attention of political powers and investment groups.
The land cover data were produced from cadastral data within the scope of the project. Thus, the reliability of the produced data has been ensured by the state. In addition, the institution of cadaster was initiated in the 1920s in Turkey. Thus, it is possible to analyze land cover changes starting from earlier ones. However, the Turkish Republic General Directorate of Land Registry and Cadastre (GDLRC) has an important responsibility concerning the issue for data reliability and the accuracy of historical data to meet today's requirements. If GDLRC takes on responsibility for this issue, produces land cover from cadastral data, and prepares projects to initiate historical cadastral studies that are defined as four-dimensional cadaster, it will create a new resource for its own revolving funds and also will reduce the external dependency of the relevant institutions, organizations, and researchers in studies to be carried out on the subject. The UGSM produced within the scope of the project was produced within this scope, and promising results were obtained.
